was by the shock from an early form of static machine that Kratzenstein, in 1744, cured an apparently functional contraction of the thumb. It is interesting to note that even in the earliest times the application of electricity in medicine was neither purely accidental nor empirical, for Pliny, in his " Historia Naturalis," logically deduced from the attributes of the torpedo fish that considerable therapeutic benefit might be derived from a creature endowed with such natural powers.
In 1747 and 1748 the now much disputed theory of ionic medication was foreshadowed by the attempts of Privati of Venice and Veratti of Bologna to introduce by electrical means the medicinal virtue of drugs, so that medicine might be made to act without being taken into the stomach. The theory attending such a procedure was at that time short lived, for by reason and ridicule Priestley and others promptly demonstrated the fallacy of the theory. It Was upon electric shocks that Lovett, Wesley and Marat chiefly relied to obtain therapeutic effects by the administration of electricity, a view also supported by Franklin.
About 1780 the Abb6 Bertholon, in a paper entitled: "The Influence of the Electricity of the Atmosphere on Diseases" originated the theory that all diseases were due either to excess or deficiency of the electric fluid. In the first case he drew off the excess fluid from the back of the hand of an electrically charged patient, in the second he used the simple static charge. Marat the notorious revolutionist, in an acrimonious disputation with the Abbe, rejected the idea that atmospheric electricity had any influence on the human economy. In his interesting book, Marat also definitely laia down the theory that artificial as opposed to atmospheric electricity alone possessed any therapeutic value. It was upon shocks and sparks from the static machine of his period that Marat relied.
In 1791 Galvani's great work on the excitation of muscular contraction by electricity was published. It should not be overlooked that Galvani himself distinctly states that he was induced to undertake this work in order to render electricity safer in the treatment of disease. He at first maintained, as the result of his work on animal electricity,.that the current came directly from the muscles and nerves themselves, in fact he is stated to have held the view that he had in this way discovered the origin of life. The apparent restoration of function in the leg of a dead frog, on the application of the galvanic current, naturally led to its use for the restoration of the apparently dead. Valli, for instance, claimed that he had restored to life fowls which had been drowned. The fundamental idea which appears to have obsessed the workers of that period was that the electrical force was life itself. Napoleon, indeed, went even further, and was more exact and definite in his views, for on seeing Volta's pile, he is reported to have exclaimed: " Behold the representation of life; the vertebral column is the battery, the bladder is the positive and the liver the negative pole."
The remarkable work of the great Englishman, Faraday-to the value of whose experiments perhaps the highest testimony is to be found in the extent to which many of his views and theories have stood the test of modern discoveries-paved the way for the accurate and valuable investigations of Duchenne, of Boulogne, which were of Jhe greatest importance in laying a scientific foundation both for electrotherapy and neurology.
In this country, Faraday's investigations instigated the scientific and philosophical researches of Dr. Golding Bird, of Guy's Hospital, into the action of electrical energy in its application to medicine. From this time until the Section of Electro-Therapeuties commencement of the present century little, if any, progress was made in the rational explanation of the mode of action of electrotherapy. Attention was mainly directed towards the physical side of the question, to the design and invention of new apparatus and new methods. In this direction great progress was made, as is perhaps best shown by the far-reaching work of D'Arsonval, who commenced his experiments on the high frequency currents in 1888. In this country it is difficult to overestimate the debt we owe to Dr. Lewis Jones, who by his courteous tact tided electrotherapy over a period during which it was viewed with great suspicion by the medical profession.
A perusal of Lewis Jones' writings gives me the impression that he was more interested in the physical than in the biological side of electrotherapy.
Partly as the result of the neglect of the biological and physiological aspect of electrotherapy by the writers of this period, and partly as the result of the blatant advertising of such apparatus as the Harness Electric Belt, a quack and impotent instrument advocated by some of the leading members of the medical profession, we find that ideas relating to the curative action of electricity were exceedingly crude, indefinite and inaccurate; they had, 1 almost think, receded rather than advanced since the time of Duchenne and Golding Bird. An outcome of this electrical treatment was regarded by the general public as the administration of some mysterious vital force, the vis nervosa of the older writers; and the medical profession looked upon it as a form of treatment by suggestion, a form of treatment which in those days was scoffed at and held in scorn instead of being rightly extolled, as is the case at the present day.
Confirmation of this view is to be found in the more advanced books on electrotherapy of that period. Dr. H. Bordier, in the preface to his valuable book, " Pr6cis d'Electrotherapie," 1902, finds it necessary to refute the views of Moebius (Congr6s d'Electroth6rapie a Franefort, 1893), that electrotherapy " rests altogether on suggestion," and of Crocq, fils, that "electricity frequently acts by suggestion" (Congr6s de Med. de Bordeaux, 1895), and of Rosenbach, that "the cures which follow the applipation of electrical treatment are the result of natural causes " (Congr6s d'Electroth6rapie, Franefort, 1893). The spectacular character of the high frequency sparks naturally contributed to such views, but from these impressive discharges has developed the convincing method of diathermy.
In the foregoing remarks I am far from criticizing adversely the earlier workers; the course of events has been in the natural process of evolution, for it is necessary to discover the physical methods, and we must possess the necessary apparatus before we can investigate their biological action.
During the past ten or twenty years, in the absence of any striking innovation in our physical equippaent, we have turned more to the consolidation of our position by studying the physiological and biological effects of the powerful and fundamental methods we possess of utilizing electrical energy as a curative agent.
A study of the modern text-books of physiology and biology affords the electrotherapist a most encouraging outlook, and one pregnant with immense possibilities, when we consider the ever-increasing part which electrical energy is found to play in all vital phenomena. Contrast for instance the physiology text-book of twenty or thirty years ago with such a modern work as Professor Bayliss's "Principles of General Physiology." It is to the work of the physiologist and biologist that we have looked in the past few years, and must look more and more in the future for the explanation of the action of electricity in medicine. From the investigations of the physiologists we deduce that the action of the electrical current, especially in its interrupted forms, is mainly the outcome of the relatively high velocity of the hydrogen ion. That is to say, the velocity of the hydrogen ion is so high compared with that of other ions that when we abruptly make or increase in strength an electric current through the body, the hydrogen ions momentarily concentrate in excess of the normal equilibrium at the negative pole; thus a hydrogen ion, or acid concentration, takes place at the negative pole and causes a muscular contraction or some phenomena of a sensory or other character in the neighbourhood of the negative pole.
When we break or abruptly decrease in strength an electric current, already established through the body, the hydrogen ions have been travelling with such relatively high velocity from the positive pole that at the moment of break there is a temporary deficiency of these ions in that region, leading to an hydroxyl ion or alkaline concentration which in turn excites similar phenomena in the neighbourhood of the positive pole.
Thus we see that the old idea of polar inversion is incorrect, for the contraction at make invariably proceeds from the negative pole and the contraction at break from the positive pole, consequently there cannot be such a thing as A.C.C. or K.O.C. such contractions being in reality K.C.C. and A.O.C. deeply seated and diffused in the tissues, and this explains the sluggish and diffused character of the contractions so excited.
The more abrupt the interruption and the higher the voltage of the current, the more definite will be this hydrogen ion concentration and the more vigorous will be the resulting contraction.
A certain minimum duration of time is, however, necessary for a resulting contraction to take place, and, the higher the voltage employed, the more brief will be the minimum duration required to excite a contraction. These factors explain the phenomena of high frequency and diathermy currents, for the reversals are so frequent that the duration of the current is insufficient to permit the ionic concentration.
You will remember that D'Arsonval, in his original paper in 1888 on his investigation into the action of rapidly interrupted alternating current, an investigation which led him to the discovery of the high frequency currents, found that until 2,500 or 5,000 interruptions a second were reached, the voltage remaining the same, the resulting contractions increased in vigour as the frequency of interruption increased: but after reaching this frequency the vigour of the contractions decreased with an increase of frequency. It was not until two years later that D'Arsonval was able to obtain an instrument of sufficient frequency to abolish all contraction and sensation, thus obtaining the characteristic phenomena of high frequency currents.
The theory of the hydrogen ion not only explains the more obvious phenomena of high frequency and diathermy currents, but it also shows why some so-called high frequency currents of very high voltage excite a certain amount of muscular contraction and sensation, the voltage of such currents being proportionately too high for their frequency.
We naturally and correctly conclude that the heat generated by these currents, which we find of such great and far-reaching therapeutic value, is the result of the violent oscillation of the ions. Apart from the heat generated, there is, I am convinced, though the proof of this cannot be so clearly demonstrated, a very valuable therapeutic action from the vibratory or oscillating character of these currents on the tissue cells, which is not only of a stimulating nature, but has a useful effect in accelerating diffusion through the various tissue membranes. We have also to consider a possible condenser effect on the tissue cells insulated by their non-conducting cellular membrane from the oscillations of the ions occurring in the electrolytic medium with which these cells are bathed. The very marked diminution of effusion which occurs in the direct path of the current when treating a recently sprained ankle or a recent Colles's fracture by diathermy, cannot be fully explained either by the heat generated by the current or by the pressure of the pads applied. Take, for example, a bottle containing leaden shot, the orifice of which is closed by a parchment membrane pierced with holes barely large enough to permit the passage of the shot. On merely inverting such a preparation the shot will not pass through, but on shaking the bottle violently some of the shot will be forced through the holes in the membrane by the force with which they bombard it, and the more vigorously the bottle is shaken the more quickly will the shot pass through. This simple illustration affords a possible explanation of what occurs with high frequency and other electrical currents when the tissue and cellular membranes are bombarded by the ions conveying the current: the force of the bombardment and the rate of diffusion being directly proportional to the voltage employed.
The recurrent hydrogen ion concentration also explains that most interesting form of treatment, the Leduc current. We may not unnaturally expect striking results when we employ currents of high intensity or voltage, but we are hardly prepared for the very remarkable results which we can obtain from the rapid interruption of currents of such low intensity as 1 or 2 milliamperes.
The Leduc current is obtained by interrupting a unidirectional current of 1 or 2 milliamperes about 100 times a second. By utilizing such a current, Leduc has claimed that he can produce, experimentally in animals, single contractions, tetanus, local anaesthesia, general anaesthesia, coma, paralysis of the heart and respiration, and finally death.
It occurred to me during the war to use this current in the treatment of the terrible and intractable pain of causalgia. The treatment was attended by unfailing and most marked success, and in a similar condition in an undergraduate last June at the Radcliffe Infirmary, the treatment was completely successful in relieving the pain, after all the usual methods available in the hospital had failed. In this connexion it is interesting to note that in the Research Committee's report on the diagnosis and treatment of peripheral nerve injuries, referring to the treatment of causalgia, the following passage occurs: "Little benefit can be hoped for from electricity." This action of the Leduc current can be explained by the exhaustion of the sensory receptors from over-stimulation: a phenomenon analogous to that of the fatigue resulting in the recovering end-plate of motor nerves from over electrical stimulation, the over-stimulation in each case being occasioned by the frequently recurring hydrogen ion concentration.
When we turn to the consideration of the constant or continuous current the matter is not so simply explained, for we have to deal with it in two parts:
(1) its polar and peri-polar action, and (2) its inter-polar action. The velocity of the hydrogen ion does not in this case play so dominating a part, for when the current is established and undergoes little or no variation in intensity, there is no marked disturbance in the equilibrium of hydrogen ion concentration.
The higher velocities, however, of the fastest kation (the hydrogen ion) and the fastest anion -(the hydroxyl ion) and the immense numbers -of these ions render them by far the most important factors in the conveyance of the current at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from through the electrolyte of the body; for the conductivity, and conversely the resistance, of an electrolyte depend on the number of the ions present and their velocities. Such an overwhelming proportion of the current is carried by the hydrogen and hydroxyl ions when transmitted through the tissues that the once cherished theory of ionic medication is impossible of realization; the path of by far the least electrical resistance is that through the tissue ions, the medication ions, of far lower velocity and far less numerous, have only a negligible share in the transport of the current and are consequently introduced in an almost inappreciable quantity. Considerable time must necessarilv elapse before a theory, so widely held as that of " ionic medication" can be fully eradicated, but even those who still hold this theory have very considerably modified their views: the theory of the deep penetration of medicated ions has been entirely abandoned, and the very small amount of the drug capable of being introduced beneath the cuticle has been more accurately stated. A distinguished French worker (" Dosage de l'iode introduit et ¶limne dans l'ionisation." G. Bourguignon, Journal de Radiologie et d'Electrologie, Mai, 1923, p. 217) has recently attempted to show that superior results are likely to follow when iodides are electrically introduced than when they are administered by the mouth, because in the former case he claims that they are more slowly eliminated. Unfortunately, although his experiments to show the slow elimination of iodides, when electrically introduced, were most carefully performed, no control experiments were made to show the time of elimination when iodides were taken by the mouth. Reference to pharmacological literature, however, shows that the iodides are in part slowly excreted when taken by the mouth. Most of a single dose is excreted within a few hours, but the remainder is eliminated very slowly. With a dose of 7 to 15 gr. the iodide reaction persists in the urine for forty hours, after larger doses or continued administration traces persist for twenty days. With a single dose of 15 gr. administered to a man, 80 per cent. was excreted in twenty-four hours, and 20 per cent. between twenty-four and forty-eight hours. Iodized fats and fatty acids, given by the mouth, are eliminated even more slowly, so that, even if the theory of the slower elimination of the electrically introduced iodides were proved, which in the absence of control experiments is certainly not the case, nothing would be gained, for a still slower excretion can be obtained by the more simple procedure of administering iodized fats by the mbuth.
In regard to the polar and peri-polar action of the constant current, much misapprehension has arisen from a loose and erroneous terminology; when we speak of zinc or copper ionization, we are in reality referring to a process of de-ionization rather than one of ionization. Since the current beneath the cuticle is mainly carried by the tissue ions, those ions conveying the current from the pad or electrode to the surface of the body on reaching the superficial tissues, are free to enter into combination with the chlorin, oxygen or other ions set free by the electrolytic action at the poles. The process would, I think, be better and more correctly termed "electro-deposition "; it is analogous and in every way comparable with electro-plating, except that a caustic compound is deposited instead of an inert metal. And, as in electro-plating, the deposition takes place on the superficies of every crack, crevice, and cavity of the surface treated. This powerful, permeating caustic action, limited in its depth penetration, renders this process the safest, simplest, most thorough and most valuable method for the treatment of septic surfaces, sinuses and cavities. Its general Section of Electro-Therapeuttics adoption in the past appears to me to have been hindered by its consideration, chiefly in reference to its application to special parts and regions under distinctive and bewildering titles, such as the treatment of gonorrhcea by electrolysis, the electric ionization of otitis media, the treatment of endomnetritis by zinc ions. A different name in each case for fundamentally identical methods! No wonder that confusion exists in regard to the value of this treatment.
If we clearly define the fundamental principle upon which this treatment is based, namely, the superficial deposition by means of electricity of a caustic agent, not only electrotherapists, but even the surgeons themselves will be able to realize the value of its application to every suppurating or indolent surface, to suppurating sinuses, and to a diseased lining of any accessible cavity of the body. Dr. Golding Bird, who with Sir Thomas Spencer Wells introduced this form of treatment about the year 1849, as clearly realized and explained its mode of action as any modern writer on the subject.
We have been too much inclined in the past to regard this merely as a surgical action of the constant current and to disregard the importance of this polar action when administering the constant current for medical purposes. When we use solutions of less caustic and irritating substances, such as sodium salicylate, sodium chloride, quinine sulphate, we obtain a varying stimulation, in place of a caustic action on the skin, and this directly and reflexly influences our treatment to the benefit of our patient. In this way may be explained the difference in results obtained by some electrotherapists when using different solutions with which to moisten their pads, for instance the superior results claimed in the treatment of tic douloureux when soaking the positive pad with a solution of quinine sulphate.
In referance to the above point, I have recently performed a series of experiments, which simple as they were, are not, I think, without interest. I will not weary you with all the details of the experiments, but will briefly refer to their essential points and the conclusions I draw from them. The patient treated was an intelligent and tolerant man suffering from early rheumatoid arthritis of both knee-joints. Electrodes and pads of the same size were similarly placed in each experiment, eight thicknesses of Turkish towelling were employed, new pads being used for the different solutions. A voltage of 6'3 was employed in each case, the regulating resistance being quickly and evenly reduced so that this voltage was reached in three seconds.
The following solutions were in turn tried under their active poles:-Distilled water, Oxford tap water, 2 per cent. sodium chloride, 2 per cent. sodium salicylate, 2 per cent. quinine sulphate in 2 per cent. sulphuric acid, 2 per cent. potassium iodide in tap water, 2 per cent. potassium iodide in distilled water. A 2 per cent. solution of sodium chloride was used to moisten the indifferent pad in each case. Records were taken of the milliamperage as soon as the maximum voltage of 6'3 was reached, and again in five, ten, and fifteen minutes.
The first, or threesecond reading, did not vary much with the drug employed, usually amounting to three or four m.a. In ten or fifteen minutes the milliamperage obtained with 2 per cent. potassium iodide was about double that obtained with tap-water. With the potassium iodide the skin was more reddened, was more irritated, and more discomfort was experienced by the patient than with tap or distilled water at this given voltage. Quinine sulphate, dissolved in 2 per cent. sulphuric acid, produced still more irritation, redness and discomfort. If the area treated was thoroughly well warmed by diathermy before the constant current was applied, ne'arly the maximum milliamperage was at once recorded and varied far less with the -solution employed. It would therefore appear that the milliamperage obtained depended more upon the dilatation of the cutaneous vessels and the consequent diminished skin resistance than upon the velocity of the ions with which the pads were moistened: that is to say, the more irritating the polar action of the drug, the greater will be the counter irritation, the greater will be the cutaneous vaso-dilatation and the higher will be the milliamperage obtained. Thus, where superficial pain is under treatment, the best results, at a given voltage, may be obtained by utilizing a solution which causes considerable counter-irritation, such as quinine sulphate in sulphuric acid solution. The increased efficiency which some workers have experienced in the treatment of tic douloureux by moistening the active pad with a solution of quinine may be thus explained. By increasing the voltage, however, we shall obtain with less irritating solutions a similar counter-irritation and vaso-dilatation, and such solutions may be preferable in the treatment of deeper parts, where the interpolar action of the constant current is desired. It would further appear that the polar action thus obtained is not due to any specific therapeutic action of the solution employed, but is merely the measure of its irritating action. 'When after a previous heating by diathermy relatively high milliamperage was obtained, it was found, when using quinine solutions, that the voltage of 6'3 had to be reduced on account of the irritation produced. It should be remembered, however, that this irritation is not due to the quinine ions, but to the 2 per cent. solution of sulphuric acid in which the quinine is dissolved. This counter-irritation at the polar surfaces is, perhaps, the most important point, but it is not the only point to be considered.
Considerable heat is necessarily generated when such large currents as those of 100 m.a. are passed through a limb for forty-five minutes or more, as is frequently done in modern electrotherapeutic practice. The fact that this heat is mainly generated in the skin, where the resistance is greatest, does not materially affect the question, for it can be shown by placing a surface thermometer, well removed from the pads, that the whole temperature of the limb is raised two o'r more degrees. It is quite unnecessary for me to dwell upon the consecutive benefit which must result from the application of such heat throughout a wasted, atrophic sciatic limb'with its subnormal temperature. Moreover, the increase of temperature induced by prolonged intensive application of the constant current with its consecutive increased circulation and improved nutrition cannot be overlooked in' explaining the benefits which we have all seen after treating such conditions as rheumatic knees in this manner. The unidirectional movement of the ions, moving and colliding with such aggregate force as to produce this amount of heat, must have some effect, though to what extent it is impossible to estimate at present, in accelerating the diffusion through the various membranes in the interpolar path.
To sum up, current electricity, in its slowly interrupted form, exercises a stimulating action on the cells in the path of the current, the excitation of contraction being a manifestation of this stimulation, both this stimulation and contraction being the result of hydrogen and hydroxyl-ion concentration. By greatly increasing the rate of interruption we are able to annul the effiects of this hydrogen and hydroxyl-ion concentration, and so are enabled to produce any desired degree of heat in the tissues with a complete absence of chemical stimulation. In addition to this heating effect, the kinetic action whibh produces it has a valuable influence in accelerating diffusion through the tissue membranes. The action of the constant current depends upon its caustic or stimulating effects and its reflex irritation at the poles, on the heat it generates, and the diffusion it facilitates in its deeper interpolar path.
Viewing it in this way, we can understand how electrical energy in the form of current electricity acts as a curative agent, and we can both predict in what conditions it will produce beneficial effects, and by what means and by what mechanism these effects are brought about. In such a way, and in such a way only, can we practise our specialty in a scientific manner, in a manner convincing to ourselves and to the medical profession.
If electrotherapy merely consisted in cataloguing the various forms of treatment with the various diseases they are said to cure, such as, for chilblains the faradic current, for rheumatism ionic medication, it would cease to be a scientific and progressive method and could equally well be practised by any masseuse as by the most highly trained medical man. But an empirical procedure such as this cannot be as successful as the scientific procedure, until Nature alters her whole scheme and makes each disease and ailment respectively amenable to one specific method of treatment.
When we turn our attention to the curative action of radiant energy, we are brought face to face with a mass of problems so diverse and so numerous that it is almost impossible to take even a bird's-eye view of them this evening.
As Guilleminot says, nature has provided us with an enormous keyboard of vibrations for curative purposes, extending from the infra-red to the gamma rays of radium.
Provided that we do not imagine that the line of demarcation is a sharp one and that the adjoining divisions do not largely overlap, this koyboard may be divided for practical purposes into radiant heat, light, ultra-violet radiation, X-rays and gamma radiation.
The most discussed portion of the radiant heat and light treatment at the present time is that of heliotherapy. The value of this treatment is admitted by all; every medical man in general practice has seen diseases caused or aggravated by its absence, and cured or relieved by its presence. Its curative action is apparently due to a stimulating action on the skin and its glands brought about by radiant energy; that is to say, the consecutive effects are increased cutaneous circulation, increased cellular activity, increased cutaneous nutrition. The superior results in some cases following heliotherapy would appear, to be due to its more powerful, actinic action more effectively exciting ohemical -changes in the cells or tissues by which its radiation is absorbed.
The pigmentation of the skin in Addison's disease, the dermatographic lines s6 readily induced in Graves' disease, the increased translucency of the skin of tadpoles, when these embryos are fed on pineal gland, all tend to show an intimate relationship between the skin and the endocrine glands. It has, indeed, been suggested that "the pineal influences the body by varying the degree of light reaction" (Berman).
The results obtained from heliotherapy in rickets are very suggestive of an in¢reased liberation of hormones. The reaction of the skin to stimulation by electrical energy calls for further investigation: the skin has been for too long regarded by the medical profession as merely a thing of sores and pimples.
In connexioni with ultra-violet rays and X-rays, I should like to emphasize -the importance of Kohler's experiment on the gill plate of the salamander larva. 'Kohler obtained by means of ultra-violet radiation at 2,800 A.U., photographs of the dividing nuclei in the gill plate of, the salamander larva, in which the chromatic substance was so opaque as to appear stained. this showing that the chromatin absorbed the radiation to a very marked degree before the other tissues arrested any appreciable amount. Now, this is a very significant fact when we remember that light and other radiations are only effective when some of their energy is absorbed, and that the cells when their nuclei are in a state of division, that is when the chromatin is most in evidence, are far more receptive of the X-rays, It is, indeed, this selective reception of the cells when undergoing mitosis that enables X-rays to be utilized as a curative agent.
It appears to me that the attention of most radiologists is too much directed at the present time to the desire for more and more powerful radiation. The mere clinical worker would think that, when a radiation of sufficient power and penetration to cause ulceration and perforation of the bladder and bowels had been obtained, enough had been achieved in this direction for the present, and that more attention might now be turned to the far more important question of the fundamental biological action of X-rays, for until this question is settled X-ray treatment must of necessity be largely empirical.
Moreover, in the pursuit of the more penetrating radiation we seem to have reached a deadlock, at any rate as far as the treatment of cancer is concerned. For though the radiations may have sufficient power to destroy cancer cells in one part of the body, if the treatment is applied to more than one region for the destruction of disseminated cells, the patient dies from resulting blood changes. Hence it is clear that the difference between the radio-sensibility of the cancer cells and the blood cells is insufficient to enable a cure for cancer to be found by merely increasing the power of the radiations. We may be able to cure cancer by X-rays, if it is not disseminated, but the mere surgeon can do that.
Possibly further success may be achieved in the radiotherapy of cancer by the discovery of some means of increasing the mitosis of the cancer cells, and hence the radio-sensibility, previous to the administration of the lethal X-ray dose. An increase in the radio-sensibility of the skin can be readily obtained by the previous administration of ultra-violet rays. In treating acne, for example, I found some time ago that, after the application of ultra-violet rays, the application of X-rays in about one-third of a pastille dose produced a definite erythema. Rapp (" Strahlen-therapie," vol. xii) also, though his experience was less fortunate, points out that he has seen burns of the second and third degree due to a combination of ultra-violet rays and X-rays.
No photo-sensitizer or other substance capable of increasing the radiosensibility of cancer cells has yet been discovered, and apparently the most we can say in this connexion, at present, is, that in X-rays we have an agent capable of destroying cancer cells, but that the technique of their efficient administration in the cure of cancer has yet to be discovered.
It is quite unnecessary for me before such an audience as this to recite in detail the special diseases and conditions in which electrotherapy is indicated; but I should like to direct your attention very briefly to a most important field of research in the application of electrotherapy, to the threshold of which we have as yet barely approached. It is one which I believe is capable of yielding most far-reaching results. I refer to the power which electrothlerapy places at our disposal for both stimulating and restraining the action of the endocrine glands. This action can only be fully exercised when we possess a full knowledge of the action of these glands, and in the application of such treatment we need the active co-operation of the biologist and serumtherapist.
In the static charge we have an efficient means of stimulating the adrenal glands, and their excitation in this way explains the beneficial effects of the static charge in neurasthenia, a form of treatment in this disease strongly advocated years ago by Charcot, and more recently by Benham Snow and other writers. It is of interest to note that an American biologist, referring to neurasthenia, which he, terms " the great American disease dementia Americana "-states that it " seems to be adrenal disease " (Berman). In diathermy or galvanism we have the means of stimulating the action of such glands as the thyroid, and it is a well established fact that in X-rays we have the means of restraining the action of this gland and other glands.
With such powerful agents at our command, surely it is only a matter of time and research to acquire an increasing control over the many and varied diseases arising from a disordered action of the endocrine glands.
From this very incomplete review of electrical energy as a curative agent, it is evident that much has been accomplished in the past, but that far more remains to be done in the future. We are, indeed, but on the threshold of our science; before us is opening up a vista of possibilities unequalled in any other branch of medicine. Electrotherapy, certainly at the present time, does not meet with its due recognition, but its unexplored field for investigation is so immense that any careful worker may attain in some degree to the true goal and reward of the research student, so well expressed in the lines of Wordsworth:
"Enough, if something from our hands have power
To live, and act, and serve the future hour."
High-frequency Currents in Relation to Cellular Physiology.
By M. PHILIPPSON, M.C. (Brussels). (ABSTRACT.) ALTHOUGH the applications of electricity to physiology date from the origin of electrical science, very little is known of the nature of the electrical resistance of living tissues.
It is impossible to measure the electrical resistance of tissues for a continuous current; polarization establishes a counter-electromotive power and the apparent value of resistance grows with the duration of the current.
By the use of alternating current methods one can obtain a definite value for the electrical resistance of tissues. This value is very high and has been ascribed to the resistance of cell membrane.
Before the war Hober, a German physiologist, showed that with the use of high-frequency currents the electrical resistance of living tissues had a very small apparent value which could not be exactly determined.
We have endeavoured to apply the methods of radio-engineering to the study of the electrical resistance of living tissues so as to explore the full range of frequencies between the low frequencies generally employed in physiological work and the high ones attained by Hober.
Our method is the following: We use as a generator of alternating current a triode lamp generator similar to the heterodyne employed in radio-technique and constructed so as to give from 500 to 3,000,000 cycles per second.
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